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論 文 内 容 要 旨          
There are various inhibitions to making sustainable development in human society, such as depletion of 
reserve resources, environmental pollution, mass production, and mass consumption. To overcome these problems, 
developing new materials and proposing new materials operation methods are required in the field of materials 
science. 
One method for developing such metal materials that the author is focusing on is a novel powder molding 
technique called the compression shearing method at room temperature (COSME-RT). COSME-RT is a molding 
method in which metal powder is consolidated into a thin plate material by applying biaxial forces at room 
temperature and an ambient atmosphere. The most notable feature of this method is that it can fabricate 
materials without heat treatment. Therefore, with this method, it is possible to fabricate materials that are 
vulnerable to heat. 
There are some issues to be solved before COSME-RT can be put into practical use. For example, the 
consolidation mechanism of metal by COSME-RT is a fundamental issue for ensuring the reliability of 
COSME-RT and it has not been clarified in detail. A major reason behind the lack of progress in mechanism 
clarification is the difficulty in controlling and visualizing the process of COSME-RT. To solve this issue, the author 
attempts to clarify the bonding mechanism of powder particles by COSME-RT by controlling the shearing force 
applied to the powder particles and controlling the COSME-RT process. The main objective of this study is to 
understand the consolidation mechanism of the metal powder to thin plate by COSME-RT. It means that 
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understanding the bonding mechanism of the metal powder particles by applying two axes forces. 
In Chapter 1, the social and industrial backgrounds of materials and their molding methods are introduced. 
The aim of this chapter is to present a general overviews about materials and their molding methods by reviewing 
the literatures. Chapter 1 starts with a social background of metal materials and their molding methods. The 
requirements from the industrial society to metal materials and the problems of liquid-state material molding 
method are mainly described. Subsequently, as the solutions of these problems, several solid-state molding 
methods of metal materials are presented. Features, advantages, and drawbacks of the methods are introduced. 
Then, a novel molding technique, a compression shearing method are mainly explained. By introducing previous 
studies of this method, it is described that the compression shearing method will be one of the solutions to meet 
the requirements for materials. However, the consolidation mechanism of materials by this method is not clarified 
yet. Finally, I propose that the way to clarify the material consolidation mechanism by the compression shearing 
method from the point of view of the contact mechanism. The objective of the author’s thesis is proposed in this 
chapter. 
Chapter 2 introduces the experimental details. In this chapter, I describe the detail of our experiments. To 
achieve the objective of this thesis presented in the previous chapter, two different experimental approaches were 
attempted. First one is the control of consolidation process by dispersing MoS2 into Cu matrix to investigate the 
effect of the applied shearing force on the consolidation process. Cu-based MoS2-dispersed composite material 
fabricated from Cu/MoS2 mixed powder by COSME-RT. The microstructure of the composite sample and pure Cu 
sample are investigated. Second one is the friction experiment on the pure Cu sample to investigate the change of 
the bonding conditions of the powder particles. A liner sliding friction equipment was used in this study, and it 
was modified as a unidirectional friction apparatus. By applying a compressive stress and a shearing strain 
simultaneously to a uniaxial-compressed pure Cu sample by the friction experiment, like COSME-RT, I tried to 
trace the bonding path of the particles. All samples fabricated by COSME-RT at Tohoku University, because 
COSME-RT apparatus is unique and there are only two apparatuses in the world (Both are in Japan. One is in 
Tohoku University and another one is in Shinshu University, Nagano). The material properties of the samples 
were analyzed by several methods. Especially about tribological property, the sample were investigated by using 
the tribometer with specific features at Laboratoire de Tribologie et Dynamique des Systèmes (LTDS), École 
Centrale de Lyon (ECL). Microstructural observations were carried out mainly at Tohoku University, but some 
observations were carried out at LTDS because it is not efficient to bring back the sample to Japan every time 
after the tribological analysis. 
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In Chapter 3, the effect of the applied shearing force on the consolidation process of the powder particles by 
controlling the shearing force will be clarified. In the previous study, the development of a Cu-based 
MoS2-dispersed composite was attempted and the composite exhibited a low friction coefficient and a high 
material strength. Microstructural studies of the Cu/MoS2 sample indicated that the bonding and crystalline grain 
refinement of Cu powder particles of Cu/MoS2 were incomplete compared with the pure Cu sample. This result 
suggested that shearing forces that were applied to the Cu powder particle were dissipated because of the lubricity 
by MoS2 particles between the Cu powder particles. Therefore, the COSME-RT process can be controlled by 
dispersing solid lubricant into the matrix material, which might decreases the applied shearing force. The main 
objective of this chapter is to understand the effect of the solid lubricant MoS2 on the consolidation process. We 
used a Cu/MoS2 composite to perform a new approach to control material consolidation by COSME-RT. Cu/MoS2 
samples were formed under several shearing distances and the microstructures of the samples were observed. The 
microstructural change related to the decrease in applied shearing force is discussed. From this experiment, it is 
suggested that the dispersed MoS2 powder particles suppress the progress of the consolidation process of the Cu 
powder by dissipating the applied shearing force. Therefore, the applied shearing force appears to be an important 
factor in promoting metal consolidation by COSME-RT. In addition, the author successfully controls the extent of 
consolidation of COSME-RT by dispersing MoS2 into a Cu matrix. 
In Chapter 4, a unidirectional friction experiment is performed to clarify the mechanism of interparticle 
bonding from a new point of view. By the experiments presented in the previous chapter, it was clarified that the 
applied shearing force appears to be one of the important factors to proceed metal consolidation by COSME-RT. In 
addition, although the shearing distance appeared to be less effective on the consolidation process in contrast, 
there was a slight change of the surface layer structure when the shearing distance increased. For the next step, I 
would like to clarify the detail of the bonding process of powder particles and the threshold shearing force to 
proceed the process. In this chapter, a tribometer is used as a tool for the clarification of the mechanism of 
interparticle bonding during the compression shearing process. In the friction experiment, compressive stress, 
shearing force, and shearing distance could be controlled by changing the applied normal load and the number of 
the sliding cycles. I performed a linear unidirectional friction experiment on uniaxial-compressed (1000 MPa) pure 
Cu sample. The relation between the normal loads applied, the number of sliding cycles, and the microstructural 
change of the powder particles is investigated by morphological and cross-sectional observations of the samples 
after the friction experiments. Based on the question of whether the shear force and the shear distance have a 
significant effect on the bonding process of the particles, which emerged from the results of the previous chapter, 
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we first focus on the number of sliding cycles. Friction experiments that repeatedly makes spherical sliding contact 
on the uniaxially compressed Cu powder samples in the local area are used as a tool for visualizing the timeline 
information of interparticle bonding during the compression shearing process. In this experiment, the stress 
applied to the sample decreases from the surface to its inside. Bonding conditions of the powder particles change in 
the depth direction of the sample. The relation between the normal loads applied, the number of sliding cycles, and 
the microstructural change of the powder particles is investigated by morphological and cross-sectional 
observations of the uniaxially compressed pure Cu powder samples after the friction experiments. The results of 
structural observations clarify that the normal load P had a greater effect on the deformation of the powder 
particles than the number of the sliding cycles N. A numerical analysis using Hamilton’s model reveals that the 
tensile stress applied to the powder particles along the sliding direction is the most effective stress to the 
interparticle bonding process. 
In Chapter 5, the findings obtained from the previous experiments and the previous research results are 
considered and the mechanism of materials consolidated by COSME-RT is discussed. Firstly, the results of literary 
investigation of chapter 1 and these of the experimental approaches of chapter 3 and 4 are summarized. Then, 
these results are discussed to understand the consolidation of metal by COSME-RT. The results of the 
experiments suggests that the bonding process of the powder particle proceeds in the order of, (1) plastic 
deformation, (2) initial crystal refinement to micro size, (3) bonding by local sliding between powder particles, (4) 
crystal refinement to sub-micro size. In addition, the results suggest that the shearing force causes the local sliding 
between the powder particles, and the bonding process proceeds because of this sliding. In conclusion, a new 
consolidation model of pure Cu from powder to plate by COSME-RT is proposed. 
Finally, the summary of my research findings and the future perspectives of this study are stated in the 
Chapter 6, "General conclusion and perspective". As the result of this study, the author successfully obtained new 
knowledge about the consolidation process of Cu from powder to plate using COSME-RT, especially regarding a 
new model of powder particle bonding by COSME-RT. 
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